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Introduction
Alkali Metal Mediated Metallation (AMMM) is a term coined to reflect the positive mediating influence that an alkali metal can have on the metalating power of a less electropositive secondary metal, most notably magnesium, zinc or aluminium, which generally form low polarity metal-carbon bonds of low basicity. decade through the studies a number of researchers of whom Knochel, 4 Mongin, 5 Uchiyama and Wheatley, 6 and ourselves have been particularly prominent. 7 In the best cases the result of combining two distinct organometallic compounds, AM (R) and M(R') 2 together into a single bimetallic compound is a reagent which in combining the higher reactivity of the alkali metal component with the better selectivity and functional group tolerance of the secondary metal can execute deprotometalation reactions at room temperature (contrast the sub-ambient protocols necessary in many organolithium reactions) in non-polar solvents; an improvement on either of the homometallic reagents operating independently. However, not only can AMMM improve on existing homo-metalation protocols it also can bring about novel metalation reactions; for example metalation at typically unreactive or remote sites; or polymetalation of substrates typically strongly resistant to more than one metalation event. The most significant examples of the former reactivity are the recently reported directed ortho-meta' and meta-meta' dimetalations of a range of substituted arenes 8 by the template ate base [Na 2 Mg(TMP) 3 (nBu)] 2 , which the authors refer to as preinverse crowns. 9 The latter polymetalations are normally manifested in the form of a supramolecular 'inverse crown' structure, that is a polymetallic cationic ring with the single polyanionic substrate 10 or multiple monoanionic substrates encapsulated within the core of the cationic ring; 9 the name inverse crown being derived from the antithetical nature of the positive and negative moieties with respect to the cationdipole sites in a conventional crown ether complex. 11 One of the most extraordinary examples of this type of chemistry was the unprecedented 1,1',3,3'-tetramagnesiation of ferrocene 12 along with that of its heavier group 8 congeners ruthenocene and osmocene, 13 with the resulting tetraanions being captured within a [Mg 4 Na 4 (NiPr 2 ) 8 ] 4+ 16-membered inverse-crown ring (figure 1). The formation of this tetramagnesiated ferrocene product was dependent on the identity of the secondary amido component within the ate base since substitution of diisopropylamide, NiPr 2 by TMP (2,2,6,6-tetramethylpiperidide) resulted in an alternative trinuclear ferrocenophane product in which the three ferrocene molecules were only 1,1'-dimetalated. 38 We were therefore keen to examine if these discussed precedented metalation patterns, or indeed any others, could be achievable through application of other common bimetallic ate bases at our disposal and now report our findings herein.
Results and Discussion

Studies of sodium zincate TMEDA·Na(-TMP)(-tBu)Zn(tBu)
We commenced our ferrocene ate base studies by investigating the sodium monoamido-bisalkylzincate reagent TMEDA·Na(-TMP)(-tBu)Zn(tBu).
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Its constituent parts, namely tBu 2 Zn, NaTMP and TMEDA are simply mixed together in equimolar quantities (a cocomplexation reaction) to generate it in situ in hexane solution, to which a molar equivalent of ferrocene was introduced (scheme 1). After some gentle heating of the solution, a crystalline material was deposited upon bench cooling which was subjected to an X-ray crystallographic structure determination ( Figure 4 shows one of the two independent molecules found in the unit cell). This study showed that the bimetallic base had mono-deprotonated ferrocene to give a discrete molecular product of formula TMEDA·Na(-TMP)[- 45 and TMEDA (2.667Å) complexes, 46 although these are still understandably shorter than that in 1. The Na-Cp interaction has virtually no corresponding effect on the Cp-Fe distance. angles ( o ): Zn2-C5 2.057(7), Zn2-N18 2.041(5), Na3-C5 2.652(7), Na3-N18 2.487(5), Na3-N28 2.587(7), Na3-N31 2.525(6); C5-Zn2-N18 104.5(2), Zn2-N18-Na3 91.0(2), N18-Na3-C5 78.1(2), Na3-C5-Zn2 86.2(2). Ellipsoids are shown at 50% probability level and all hydrogen atoms and minor disordered components of TMP and tBu groups have been removed for clarity. Notably, the molecular structure shows no evidence of ligand redistribution to give either higher order zincate species or homometallic complexes such as seen previously when utilising the related zincate base TMEDA·Li(-TMP)(-nBu)Zn(nBu); 19 or intermolecular aggregation (via K--arene interactions) as witnessed when ferrocene was metalated using a related potassium zincate base. 23 Next, complexes 1 and 2 were probed in C 6 D 12 solution via NMR spectroscopy.
Scheme 1
Comparing the 1 H NMR spectra of the two complexes, it was clear that neither product was pure but contained traces of the other, meaning that final yields are not absolute. We note that complex mixtures of products when metalating ferrocene have been obtained previously, for example by Lerner and co-workers when metalating a diaminoborylferrocene with more than one molar equivalent of homometallic Mg(TMP) 2 , which contains the same active amido anion as in our zinc and aluminum bases. 48 The aliphatic region of the spectra of 1 and 2 was complicated in each case due to the overlapping multiplets of the TMP resonances. However, the region around 4 ppm was indicative of the outcome of the reaction with the mono-zincated species 1 displaying three singlets (resonances were slightly broaded with mutual coupling not noticed) in a 2:2:5 ratio at 3.86, 4.21 and 4.02 ppm respectively, while the di-zincated complex 2 displayed two broad singlets in a 4:4 ratio at 3.84 and 4.29 ppm. The 13 C NMR spectra of these complexes were in agreement although despite repeated attempts with multiple scans we were unable to discern a resonance for the metalated carbon atom of the cyclopentadienyl rings.
In an attempt to ascertain whether more than twofold zincation of ferrocene could be accessed the reaction stoichiometry was altered to four moles of base per mole of Following our sodium zincate studies, we moved to another combination with which we have considerable experience, namely the putative lithium/aluminium pairing previously written as "LiAl(TMP) 2 iBu 2 ". Originally thought likely to be a highly reactive contacted ion pair primed for direct alumination, 49 in a parallel study 50 The inability of this synergistic lithium-aluminium base mixture to effect a dual deprotonation of each ring due to the presence of (in this case in situ generated) donor is reminiscent of the alkali-metal mediated metalation of other simple arenes such as benzene or toluene. While the donor free base NaMgnBu(TMP) 2 can smoothly dideprotonate these aromatic rings (note that in the toluene case the most acidic methyl substituent is left untouched), 55 solvation of the base with TMEDA prior to introducing the substrate results in only monodeprotonation. 56 Likewise, and more directly related to this work, the NaTMP/tBu 2 Zn combination will dideprotonate benzene prior to TMEDA addition but only monodeprotonate it if TMEDA is in the reaction mixture at the onset (scheme 4). 57 We note here that it is extremely challenging to doubly deprotonate a non-metallocenic cyclopentadiene ring with to the best of our knowledge the only example being the nBuLi induced deprotonation of Tentatively (as only a few reactions have been considered for this effect), this suggests that multiple deprotonations of a substrate, often manifested as the guest of an inverse-crown type structure, cannot be obtained when a non-volatile Lewis donating secondary amine is generated as a part of the original deprotonation reaction and that overall alkyl basicity (that is, in the sense that the alkyl group deprotonates TMP(H) to enable TMP to re-enter the coordination sphere of the deprotonated substrate as discussed in several papers 59 ) with its concomitant generation of nondonating, volatile alkanes is more suited for such polymetalation reactions. Work is ongoing to prove or disprove this hypothesis.
Experimental
General experimental
All reactions and manipulations were performed under a protective argon atmosphere using either standard Schlenk techniques or a glove box. Hexane and THF were dried by heating to reflux over sodium benzophenone ketyl and then distilled under nitrogen prior to use. TMEDA was distilled over CaH 2 and stored over 4Å molecular sieves. TMP(H) was stored over 4Å molecular sieves. nBuLi solution (1.6 M in hexanes), iBu 2 AlCl and ferrocene were purchased commercially from Sigma-Aldrich and used as received. tBu 2 Zn was prepared by a literature method. 60 NMR spectra were recorded on a Bruker AV 400 MHz spectrometer operating at 400. Li and 100.62 MHz for 13 C. All 13 C spectra were proton decoupled.
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H and 13 C spectra were referenced to the residual solvent signal while 7 Li spectra were referenced to an external sample of LiCl in D 2 O. Satisfactory elemental analyses of the air sensitive products 1 (co-crystallized with 2), 2 (co-crystallized with 1), 3 (too air sensitive) and 6 (decomposed on balance due to increased lability of donor amine) could not be obtained.
X-ray crystallography
Crystallographic data were collected on Nonius KappaCCD or Oxford Diffraction instruments with Mo K radiation ( = 0.71073Å). Structures were solved using SHELXS-97, 61 while refinement was carried out on F 2 against all independent reflections by the full-matrix least-squares method using the SHELXL-97 program.
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All non-hydrogen atoms were refined using anisotropic thermal parameters. Selected crystallographic details and refinement details are given in A Schlenk flask was charged with tBu 2 Zn (0.358g, 2 mmol) which was dissolved in hexane (10 mL). In a separate Schlenk flask BuNa (0.160g, 2 mmol) was suspended in hexane (10 mL) and TMP(H) (0.34 mL, 2 mmol) was added via syringe, the resulting creamy white suspension being allowed to stir for an hour. Next the tBu 2 Zn solution was added via syringe followed by ferrocene (0.09g, 0.5 mmol) via a solid addition tube. This mixture was stirred for 2 hours during which time the suspension changed from yellow to orange to red. The resulting red powder of 3 was collected via filtration, washed with hexane and dried in vacuo (0.08 g, 10%, based on the above formula being correct). In a Schlenk flask, nBuLi (2.50mL, 1.6M in hexanes, 4 mmol) was suspended in more hexane (10 mL) and TMP(H) (0.68 mL, 4 mmol) was added via syringe, before iBu 2 AlCl (0.76 mL, 4 mmol) was introduced via syringe producing a white suspension almost immediately. This suspension was stirred for one hour and then filtered through Celite and glass wool to remove solid LiCl. In a separate Schlenk flask LiTMP was prepared in hexane (10 mL) from a mixture of nBuLi (2.50 mL, 4 mmol) and TMP(H) (0.68 mL, 4 mmol). Next, ferrocene (0.186 g, 1 mmol) was added to the LiTMP solution followed immediately by the iBu 2 AlTMP solution via cannula. This mixture was gently heated to give an orange solution and then stored at room temperature until a crop of orange crystals of 6 formed (0.50 g, 48% 
